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Abstract— A physico-chemical and bacteriological evaluation of water in three boreholes (numbered BH1, BH2, & BH3) close to a Municipal 
Solid Waste (MSW) disposal site at Ootunja Ekiti in Ikole Local Government Area (L.G.A.) of Ekiti State, Nigeria were carried out in order to 
ascertain suitability of the groundwater for potable uses. The water quality parameters obtained were compared with recommended limits of the 
World Health Organization (WHO) and Nigeria Standard of Drinking Water Quality (NSDWQ) for drinking water. Total dissolved solid (TDS) with 
a mean value of 16.64 mgl
-1
 was recorded. The cations and anions in the water were within the prescribed WHO and NSDWQ permissible 
limits. Chlorides content ranged between 12.0 and 16.0mg/l, while Nitrate content ranged from 6.12 to 7.10mg/l, quantities of heavy metals like 
Cadmium, Mercury and Lead varies from zero to a very minute content which is within the permissible limit of WHO and NSDWQ. Both organic 
content and faecal coliform count were satisfactory for water supply. The investigation shows pH values of 6.51, 7.05, and 5.79 for water 
samples obtained from BH1, BH2 and BH3 respectively. This indicates that the water from BH1 and BH3 were slightly acidic while water from 
BH 2 is neutral. The pH reading for water sample from BH3 is below the WHO and NSDWQ recommended standard. 
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1 INTRODUCTION 
he huge dependence on groundwater in most parts of 
the world is never a gain saying as other sources of 
water are either polluted or unfit for human use. 
Natural surface water bodies are highly subject to 
contamination and pollution whereas groundwater is less 
susceptible to pollution, (Ganeshkumar and Jaideep, 
2011). Consequently, the people in Ikole local government 
area (L.G.A.) and its suburbs depend solely on hand dug 
wells and drilled bore holes for domestic water supply 
and construction purposes, as piped borne water is 
virtually unavailable. Adelana and MacDonald (2008) 
identified three main reasons for groundwater’s increasing 
prominence as a source of domestic water supply: (i) the 
natural storage capacity is high; (ii) the water quality is 
often good; and (iii) infrastructure is more affordable to 
poor communities. Generally, groundwater contains 
mineral ions which dissolve from soil particles as water 
travel along mineral surfaces in pores or fractures of the 
unsaturated zone and aquifer. These dissolved minerals 
are referred to as dissolved solids (Adeyeri, 2015).  
Groundwater quality is a function of the physical, 
chemical and biological properties of groundwater. 
Temperature, dissolved oxygen (DO), turbidity, odour, 
color, and taste make up the physical water quality 
parameters, while the chemical parameters include: pH, 
Biochemical Oxygen Demand (BOD), Chemical Oxygen 
Demand (COD), alkalinity, hardness, ionic and anionic 
compounds, (Thomas, 2003; Patil et al, 2012). 
Many attempts have been made to study the physico-
chemical and biological properties of the groundwater 
around Ekiti State in Nigeria. Examples of such studies 
include Ayodele and Ajayi (2015); Olusiji and Akinyemi 
(2015); Bayowa et al (2014); Ogundana and Talabi (2014); 
Oladapo and Ayeni (2013); Adefemi (2012); Olusiji (2012); 
Ayodele (2011); Ige and Olasehinde (2011); Ademilua 
(1997); to mention but few. Ayodele and Ajayi (2015) 
observed the high prevalence of E.coli in water obtained 
from hand dug wells in Otun and Ayetoro areas of Ekiti 
State. Talabi and Ogundana (2014) did a preliminary  
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water quality and potential assessment of groundwater in 
Ijero Ekiti and observed that the pH of some of the 
groundwater samples exceeded the World Health 
Organization (WHO) guideline limit. The average volume 
of water in the wells was 1.35 m3. The temperature of 
sampled groundwater in the area was fairly uniform 
which also concurs with Adefemi (2012); Ayodele and 
Ajayi (2015). In a physico-chemical and biological study of 
water samples obtained from nine hand dug wells and 
river Eku in Ijan Ekiti, Adefemi (2012) observed that, the 
water was unsafe due to the microbiological quality of the 
water sample (average total bacterial and coliform count 
were high). The temperature and pH of the streams was 
higher than those obtained for the wells as well as the 
limits prescribed by WHO (2011). The high alkalinity in 
the stream could be as a result of leachates effluence into 
the stream. Bayowa et al (2014) characterized Ekiti state 
into five different groundwater potential zones which are 
very low, low, moderate, high and very high groundwater 
potential zones. Localities around  Ewu, Ise/Orun, Emure, 
Ikole, Oye, Aiyede, Igede, Iyin, Eyio, Ado-Ekiti, Osi, Ijero 
and Iyemero fall  within  very low groundwater  potential  
zone. Ikole Ekiti and its environs (i.e. the study area) are 
within the low groundwater potential areas which 
highlights the significance of this study. 
However, from the available literature, it was observed 
that no attempt has been made to assess the ground water 
quality around Ikole-Ekiti and environs. Therefore, 
objectives of this study are to: (i) determine the physico-
chemical and biological properties of groundwater located 
close to a Municipal Solid Waste (MSW) disposal site  at 
Ootunja, Ikole Ekiti (ii) produce a soil stratigraphy of the 
study area and observe its influence on the leachates into 
the groundwater from an adjacent municipal waste 
disposal site. 
 
2 MATERIALS AND METHODS 
2.1 Study Area and Geology 
The study area is situated at Holy Apostolic 
Nursery/Primary School, Ootunja Ekiti, Ikole L.G.A. of 
Ekiti State in Southwestern Nigeria. It can be accessed 
through network of roads most especially Oye-Ilupeju-
Itapa-Osi-Ikole, Ado-Ijan-Iluomoba-Ijeshaisu-Ikole and 
T 
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Omuo-Ikole roads. Ootunja is one of the twenty-four 
towns and villages constituting Ikole L.G.A., (Ekiti State 
Government of Nigeria, 2016). The study area is located 
between 0774916mE; 0862100mN and 0775141mE; 
0862297mN. The general geology of Ekiti State is well 
researched. Examples of such studies include Ademilua, 
1997; Ayodele, 2011, 2013; Bayowa et al, 2014; Oyinloye, 
2011; Talabi, 2013. Ekiti state is underlain by the 
Precambrian rocks of the basement complex of 
southwestern Nigeria which covers about 50% of the land 
surface of Nigeria. The major lithological units include the 
granite gneiss, migmatites gneiss and charnockite 
(Oladapo and Ayeni, 2013). The Basement rocks show 
great variations in grain size and in mineral composition. 
The rocks are predominantly quartz gneisses and schists 
consisting essentially of quartz with small amounts of 
white micaceous minerals. In grain size and structure, 
they vary from very coarse grained pegmatite to medium 
grained gneisses. The study area and locations of explored 











































The scope of field work involves the exploration of three 
(3) geotechnical boreholes (close to a solid waste disposal 
site) to refusal depth (rock layer) as shown in Fig. 1. The 
boreholes BH1, BH2 and BH3 were located at distances of 
10 m, 30 m and 50 m away from the waste disposal site 
respectively. The MSW disposal site is located at 
0774975E; 0862222N. It is an open dump site and its age is 
about 40-years. The purpose of borings is to ascertain the 
variation of soil and water properties in relation to the 
MSW disposal site. Table 1 shows the coordinates and 






Fig. 1: Site Layout of the Study Area 
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2.3 Water and Soil Sampling  
Three different water samples were collected from each of 
the three boreholes by composite sample method and in 
accordance to NSDWQ standard of sampling. The water 
samples were collected in the morning, stored in 
polythene bottles and labeled as appropriate. Both 
disturbed and undisturbed soil samples were also 
collected for classification tests in accordance with BS 1377 
(1990). 
 
2.4 Physiochemical and Biological Analysis 
The physical parameters analyzed include: colour, odour, 
turbidity, total suspended solids (TSS), total dissolved 
solids (TDS), total solid (TS), temperature and total 
hardness. Temperature was recorded using a mercury 
glass thermometer at atmospheric temperature of 25 0C. 
The pH value was determined using a pH meter. All the 
physical parameters were determined on the spot. The 
chemical analysis involved the determination of; (i) 
metallic content and pH (ii) Anions and cations content 
and (iii) organic content, BOD and DO. The laboratory soil 
and water tests were carried out at “Trevi Foundations 
Nigeria Ltd” laboratory in Lagos, Nigeria.  
  






mean sea level) m 
BH 1 0862222mN; 0774975mE 559.0 
BH 2 0862245mN; 0774967mE 559.5 
BH 3 0862174mN; 0775010mE 572.5 
 
2.5 Procedures of Soil Profile 
The boreholes were drilled using the percussion technique 
by means of 1no. Pilcon weyferer light-cable drilling 
machine, equipped with the in-situ Standard Penetration 
Test (SPT) accessories.  
Sampling and in-situ testing were carried out with the 
advancement of the borehole as follows: 
i) Disturbed samples were taken within the sediments at 
regular intervals and at change of strata as deemed 
necessary. These samples were selected so that they, as far 
as possible, give a fair representation of the materials 
encountered in the course of the drilling. Materials from 
the split spoon sampler used in the Standard Penetration 
Test (SPT) and the cutting shoe of the 100mm sampler 
were also taken as disturbed samples. 
ii) Undisturbed samples were recovered from the cohesive 
layers by driving a 100mm-diameter sampler through a 
total distance of 450mm. These samples were taken at 
relevant depths. 
iii) Standard Penetration Tests (SPTs) were carried out in 
cohesionless strata at depth intervals of 1.5mts. The 
number of blows required to drive the split spoon sampler 
through a distance of 300mm, after the initial penetration 








3 RESULTS AND DISCUSSION 
3.1 Soil Classification Characteristics 
The percentage ranges of the grain sizes from sieve 
analysis are specified as follows: gravel; 0.00 – 20.72 %, 
coarse grained sand; 0.00 – 7.19 %, medium grained sand; 
5.53 – 33.53 %, fine grained sand; 7.02 – 45.51 % and fines; 
30.7 – 74.25 %. The above values indicate that most of the 
soils were fine-grained (clay). The numerous soil samples 
can be classified into four distinct groups based on the 
Unified Soil Classification System (USCS) namely: CL, 
CL/ML, SM/ML and CL/ML. Figure 2 and Table 2 show 
the established soil profile of the study area. Table 3 shows 
some observed physical properties of soil samples. The 
soil permeability values were very low suggesting low 
infiltration rates of leachates into the groundwater. Details 
of soil geotechnical properties of the study area been 
carried out by Adeyeri, et al (2017). 
 
3.2 Colour, Total Solid, Total Dissolved Solids (TDS)  
and Temperature 
The odour of water sample from BH3 is objectionable and 
therefore not acceptable for drinking water purpose. In 
BH1, the water is colourless whereas in BH2 and BH3, the 
recorded turbidity values were 2.20 and 1.9 FTU 
respectively. Turbidity test results for BH2 and BH3 (Table 
4) did not meet NSDWQ and WHO specification for direct 
filtration methods but satisfies the specification for rural 
water supply (5 NTU). WHO observed that the 
palatability of water with a total dissolved solids (TDS) 
level of less than about 600 mgl-1 is generally considered to 
be good. The TDS value obtained from test result is far 
below this value and therefore appropriate for drinking 
purpose. Since most water supply in the area is through 
hand dug wells and boreholes, turbidity may not be a 
major problem. Total solids ranged from 17.6 to 20.1. The 
temperature values show a low Coefficient of Variation 
(C.V.) value which indicates close correlation with mean 
value of 27.57 0C. Temperature is also important because 
of its influence on water chemistry. The rate of chemical 
reactions generally increases at higher temperature.  
 
3.3 Cation Analysis  
Calcium and Magnesium were not detected in the water 
samples. This implies that samples from the three 
boreholes do not possess hardness characteristics. The iron 
concentrations in the samples ranged from 0.063 mgl-1 
(BH1) to 0.089 mgl-1 (BH3) with an average value of 0.074 
mgl-1. The iron concentrations for the three boreholes fall 
within the permissible limit of NSDWQ and WHO. 
Therefore the water samples are suitable for laundry, 
plumbing, and cleaning and other domestic purposes. 
Lead concentration in BH2 and BH3 (Table 4) are within 
the NSDWQ and WHO recommended guideline limit of 
0.01 mgl-1. Lead contamination is mostly from lead battery, 
petroleum additives. It has corrosive effect on plumbing 
systems and injurious to human health (mostly 
carcinogenic). Copper concentration ranged from 0.883 
mgl-1 (BH2) to 0.943 mgl-1 (BH3) with a mean value of 0.91 
mgl-1 which satisfied the NSDWQ and WHO permissible 
guideline limit of 2 mgl-1.  
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Fig. 2: Soil Profile indicating Groundwater Level in the Study Area 
Table 2: Subsoil Stratification of Study Area 
 
From (m)   To (m)     Thickness (m)        Description 
 
0.0      12.0      12.0         Reddish Brown, Granitic Clayey Sand (laterite) 
12.0      18.0      6.0         Mottled Brown, Decomposed Micaceous Sand 
18.0      19.0      1.0         Molted Grey, Decomposing Quartizite Sand 
19.0      19.5      0.5         Fragments of Quartzitic Rock (Freshly Weathered) 
 
  
Table 3: Physical Properties of Soil Samples  
Physical 
Property 
BH1 BH2 BH3 
Specific Gravity 2.70-2.80 2.75-2.86 2.78-2.88 
Natural Moisture 
Content (%) 
13-20 13-18 14-20 
Permeability 
(cm/s) 
1.12*10-4 1.35*10-4 2.06*10-4 
Liquid Limit (%) 48-54 44-58 53-58 
Plastic Limit 18-20 24-30 24-26 
Plasticity Index (%) 30-34 26-31 29-34 
USCS 
Classification 




CL or CL/ML 
or SM/ML 
 
The low CV concentration indicates low spatial variation 
of copper concentration. The taste threshold for sodium in 
water depends on the associated anion and the 
temperature of the solution. At room temperature, the 
threshold values are about 20 mgl-1 for sodium carbonate, 
150 mgl-1 for sodium chloride, 190 mgl-1 for sodium 
nitrate, 220 mgl-1 for sodium sulfate, and 420 mgl-1 for 
sodium bicarbonate, (Chapman, 1996; WHO, 2011). The 
sodium concentration satisfies all guideline limits for the 
various sodium compounds. The zinc and nickel 
concentrations for the three boreholes fell within the 
permissible limit of NSDWQ and WHO. The other cations 
in the group namely cadmium and mercury were not 
detected in the water samples. 
 
3.4 Anion Analysis 
Inorganic nitrogen occurs in a range of oxidation states as 
nitrate (NO3-) and nitrite (NO2-), the ammonium ion 
(NH4+) and molecular nitrogen (N2). Nitrogen  is  an  
essential  plant  nutrient  found  in fertilizers,  human  and  
animal  wastes,  yard  waste, and  the  air (Gorde and 
Jadhav, 2013). The NSDWQ and WHO guideline provides 
limits for nitrates and nitrites which are the oxidized 
forms of Nitrogen gas. The nitrogen concentration is 
within the guideline limit provided for the nitrite and 
nitrate. High concentration of chloride ions indicates 
possible presence of salts in groundwater. Chlorides are 
widely distributed in nature as salts of sodium (NaCl), 
potassium (kCl), and calcium (CaCl2). Taste thresholds for 
sodium chloride and calcium chloride in water are in the 
range 200–300 mgl-1, WHO (2011). The chloride 
concentration in all the samples fall within the NSDWQ 
and WHO specified limits. 
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Table 4: Results of Physical, Chemical and Microbiological Analysis of Groundwater Samples  
Parameters BH1 BH2 BH3 Mean *STD *CV NSDWQ WHO  
pH 6.510 7.050 5.790 6.450 0.630 9.800 6.5-8.5 6.5-8.0 
Colour  Colourless Turbid Turbid - - - 15 TCU 15TCU 
Turbidity, (FTU) 0.300 2.20 1.900 1.470 1.020 69.640 5 NTU 1-5NTU 
Odour Odourless Odourless Objectionable - - - Unobjectionable - 
Total Suspended 
Solids, TSS (mgl-1) 
1.300 3.500 2.200 2.330 1.110 47.400 - - 
Total Dissolved 
Solids, TDS (mgl-1) 
18.800 15.700 15.400 16.630 1.880 11.320 500 600 
Total Solids (mgl-1) 20.100 19.200 17.600 18.970 1.270 6.680 - - 
Temperature(@25°C) 27.600 27.600 27.500 27.570 0.058 0.210 Ambient - 
DO, (mgl-1) 5.100 4.200 3.000 4.100 1.060 25.700 - - 
BOD, (mgl-1) 12.000 20.00 37.000 23.000 12.770 55.510 - - 
Nitrate, (mgl-1) 6.120 7.100 6.600 6.600 0.490 7.420 50 50 
Calcium, (mgl-1) ND ND ND - - -  - 





ND ND ND - - - 150.000 - 
Iron, Fe (mgl-1) 0.063 0.071 0.089 0.074 0.013 17.900 0.300 0.300 
Lead, Pb (mgl-1) ND 0.003 0.004 0.0035 0.0007 20.200 0.010 0.010 
Asenic, As (mgl-1) ND ND ND - - - 0.010 - 
Copper, Cu (mgl-1) 0.912 0.883 0.943 0.910 0.030 3.290 1.000 2.000 
Zinc, Zn (mgl-1) 1.120 1.341 1.443 1.300 0.165 12.690 3.000 3-5 
Nickel, Ni (mgl-1) 0.021 0.033 0.043 0.032 0.011 34.070  0.07 
Cadmium, Cd(mgl-1) ND ND ND - - - 0.003 - 
Mercury, Hg (mgl-1) ND ND ND - - - 0.001 - 
Nitrogen, N (mgl-1) 1.390 1.610 1.500 1.500 1.500 0.110 - 7.33 
Phosporus (mgl-1) 3.120 3.300 1.900 2.770 0.760 27.460 - - 
Chloride, (mgl-1) 16.000 16.000 12.000 14.670 2.310 15.750 250.000 200 
Sodium, Na (mgl-1) 6.290 6.300 4.720 5.770 0.909 15.760 200.000 200 
Organic Content,  
(mgl-1) 
0.610 0.550 1.320 0.830 0.430 51.81 0.010-5.000 - 
Faecal Coliform 
(cful-1) 
0.000 0.000 0.000 0.000 0.000 0.000 0.000-10.000  
*
Notes: BH = Borehole number; STD = Standard Deviation; CV = Coefficient of Variation 
 
3.5 Organic Content 
There is actually no provision for organic content in the 
WHO guidelines for drinking water but there is in the 
NSDWQ. The organic content of water samples ranged 
from 0.55 to 1.32mgl-1 which falls within the permissible 
limits of NSDWQ. From Table 4, faecal coliform was not 
discovered in all the water samples. 
 
3.6 pH, Chlorides and Nitrates 
The chemical quality of the water samples indicates pH 
ranged from 5.79 to 7.05 with an average value of 6.45 
which is slightly acidic. WHO and NSDWQ Guidelines for 
Drinking-water Quality observes that the optimum pH 
required varies in different supplies according to the 
composition of the water and the nature of the 
construction materials used in the distribution system, but 
it is usually in the range 6.5–8.5. The pH reading for water 
sample from BH3 (Table 4) is below the WHO (2011) and 
NSDWQ (2007) recommendations. The chloride and 
nitrate contents of the water samples were within the 
permissible limits of NSDWQ and WHO, Table 4.  
 
3.7 Microbiological Analysis 
The Faecal Coliform (cful-1) of the water samples indicates 




The physico-chemical analysis of the borehole water 
samples in this study shows that, the groundwater is 
slightly acidic with an average pH value of 6.45. This was 
possibly caused by the presence of metals such as Pb, Zn 
and Cu in the groundwater. The total dissolved solid 
indicates  an  average  value  of  16.63 mgl-1 which is far  
below the WHO (2011) acceptable  limit  of  600 mgl-1. This 
suggests that the groundwater is fresh and devoid of 
sediments. The odour for water sample from BH3 is 
objectionable and therefore not acceptable for drinking 
water purpose. The turbidity level meets the World Health 
Organization (WHO) standard for rural water supply. 
Hardness was not detected in any of the water samples 
from the three boreholes. Cationic concentrations for iron, 
lead, copper, zinc, sodium are all within the prescribed 
limits of WHO (2011). With the low concentration of 
sodium and chloride ions, the salt concentrations in the 
water samples are satisfactory. Both the organic content 
and faecal coliform count were satisfactory for domestic 
water supply. The low permeabilities of soil recorded 
suggests, a consequent low rate of leachates effluence into 
the groundwater in this geologic formation.  Hence, the 
above discussion clearly shows that, objectives of this 
work have been achieved. 
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